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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a bipolar 
transistor, which is low in a base resistance and can 
be actuated at a high speed, and the manufacturing 
method of the bipolar transistor. 

SOLUTION: A collector layer 12 is formed on a region 
on the vicinity of the surface of an Si substrate 10 
and an Si1-xGex/Si layer 21 is formed on the layer 
12. A polysilicon emitter layer 30 is provided on the 
central part of the layer 21 and a third insulating layer 
42, a first sidewall 24, a P+ regrowth Si layer 25 and a 
fourth insulating layer 26 are provided in such a way 
as to encircle the layer 30. An internal base 29 and an 
external base 19 are formed in a self alignment and 
the distance (W2-WD/2 between an emitter-base 
junction part and the base 19 is set so as to coincide 
with the thickness of the sidewall 24. As there is no 
need to anticipate a margin, a base resistance can be 
reduced and at the same time, the parasitic 
capacitance between electrodes can be also reduced. 
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[Sfi#*f 1] '<><tf-7 h^^^wau^tL 

±Effe»f*-tf--< k**— /Mco*asoTKttfe*u ±E 

[KMWt 2 ] 1 Ett^*W(H6«*-*5^-c, 

±E-<— jxigfrJIte, 3Ltr^^5/ir/H*«^J:9»fi8S 

oWBKtt (1 1 1) 77ty b#»JiS;hrCV^C\ 

3 ] I*** 1 X(2 2 E*w¥WfM»lfc*5^ 

±E*Erti-*3tt*±E!s 1 <D*m»m<ommae&z 

[IS*«4 ] l»#Jg 1 - 3 <d 0 *>v>i* M> 1 oiciE* 

±ES«tt. S i 9, 
iEJBi^^frJItts imx&v, 

±&m2<D*m»m&S i i-x- y Ge x C y i (1> 

x, y^O) XhV, 4 

k 48* 2 o*t#i«r»*t«Ii (b) 
-x^i45JS30*#(HSr«*i-*xa (c) 



±E*3 0*W*Jl(7)±lc:, ^^7h7>^^w 
-y^drMtilS (e) 

±tcm3<7)^«<*:lc)_b(c > /W^7h7>y^f) 
(f) 

±ESS 1 wWfrfB^-tl-, ±ElS£*B&£fflf&»fIi:l* 
(g) 

±E**MI»)iw-«fc±E**««Kffll«Mlt * 

Tl*^MP»SrMt5lS (h) k, 
±EHlP»rt^«Wt*t»«rffl«)^-C, /<^*-9h? 

Ifi (i) fc«r«x.TV^6*W»lfill^»5t*ife, 
IM#* 6 ] 5 E*^¥**K«^«JS*S5fe«- 

±isxm (f) T'H, iitR^tr^^-rA'iftftfcJ: 0 
(ill) 7rty h*r«Jffi»c#L^»»* s K— :/Six 

_bfEX*I (d) ±E^*I»*JB -t^ 

xjexm (e) -ctt, ±E*^**SfflsiftWitJbE* 

4fi*fflite»Jii:^*^JB^±EI6»*f'^ K**— /i' 

±lEXa (h) "Ctt, ±E**««ffl»IWl<o5*>»» 
£|* JiEft^««.Sffi«»*fcl* 

8 ] IS*3S 5 - 7 CO 5 *>^-f jftd* 1 oicfS® 

±E»^««.«ffltt»»*l**i"*xatt, 

[W*3S 9 ] W#*S 5 - 8 co 9 t>\,^i*tifr i otcfEic 

^4<fcfc±Exa (d) o«"C±EXS (f) cohu 
ic, iEWi^^Wfrlrt^^^^Ajfe^J:^^*** 

t5I8t*Sb^i*.tv^riS:1»iit5*»* 

, [fl^JSlO] fS*3I5-9C7)■9^V^i ^i ^>lO(C|^ 
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±IEXS (a) TMi, _Lt£SJ&£ It, S 
fg 1 0>*MMWi*:tf1"S S i £t&£W<« U 
±ffiXIS ( b ) T*H S i i-K-y G e x C y ( 1 > x , 
y^O) ^f><c5±EIB2co*W*fi«:*fi)cL, 
±!EXS (c) -01*, S i ■d»fettS*3eo*i*Wfli*: 

[g»*JS 1 1 ] IS* *S i 0 iett<o¥MM*!£R</)«ig:fr 

iBia (d) -m, ->y 3>i«b!H^6±K»'&«a 

±RI« (e) Til y'J^Ii»f)lEWt 

xiexn (g) -en i/y 3>«ft«E^e>±iEMnii»6 

±KX« (h) T'll »*ttK9-f*y^^^t-J:9± 
[0 0 0 1 ] 

[*K<D*i-*ttW#lH *«W1 H^Wfrasiiolist 
[0002] 

lJ;Hte^TD/M^7h7y^x^ (HBT) 

^£MOS bJ^itxfi hmCisl) 3^**R±*w»j*L 
r*3BMbi-<5-fc^J:0, RttflBoB i -cmos • l 
s 1 tr«*-rs^t3ft«"C*, ia«H««»-«v^6ix^ 
fALSIiU*a-C»)5. m^TM^ Si /Si 
i-x Gex «S i/S iC»^TO*ai:fflV^HB 

SiGelia^MLfcSi/Sii-x Gex ^HB 
Til s i ^:GeO^*H*^^t^^i:^^3**^:fflv^ 

[0 0 0 3] 04(1 «*<Dft«fcJ;*)*riteixfcNP 



<5 Q tffi^ (001) i-C*)6S i gffi 1 00^1:11 

f&Ztltz y V/jl^NSM^tt**^ trials 1 Ai mf)U h 
D^/u-K^x/HOHW^tl^, Si StS I 

0 0 o^mm^&mm^^<^ ^7^^^^ 

^Jf 1 0 2*s^fi)c£*vC*J9 s :w^u^^H0 

2 6 Nss^wft^aiaii 1 x 1 0 17 / c m 3 &m 
{z.mmzftx^z> 0 m+'rtmmmt. siw»»#io 

104^ US 2 wl6»^ l 0 6 «rS*ii Az-C/jr 5 
C/+D-M/yf»Kli 0 3 tic* 9M^T^ 
£ o ^tu-hi/y^iHOSWi^l^O. 3 5 
/imTfo*?, T-i-zT V l/yf^lli 1 0 4<7)?££lifa 
£7c, SiS«l0 0(Df'f-7 P hl/> 

^■#«tJI i 0 4^T#fctt«1"*1*tfl-ll 

[0 0 04] ^f:, Si 1 0 OF^lCti^ U ^ 1 
20 0 2CD^£&6fc#><ON + =iu^^^|#ffiLJil 0 7 

#Ktt?>ivc^a. :«n + n u^^^i#tBL)i i o 7 

t =■ *Jf 1 0 2 <*: fl S i StRl 0 OrtWftffif'J-iS 
<7)««JC*3V^T{iv'-Y h UV^^StH 1 0 3(Cj:«9 
£v>^pgl$Jx. S i Sfil 0 0Oft*w««lc*jv^t 

[0005] =i Ix^^Jl 1 0 2CO±(C(l, fi? 3 o 

nmOCVDi»f)/^|lW»ll 0 8 tmA 
0, gl <?>felMI 1 0 8 tCll ^^110 

^tlTV^5o ^Lt, =i *J1 1 0 2 M3ott5gS 1 ^ 

tUftVl 0 8WSlP^g«w±i:Slo|61Il 0 8 
CO±^(C*fc^o-C. P^^ K-^$nfcJl$^6 0 n 
m<DS i i_x G ex H t , ff£ 1 0 n m<7) S i if £ # s it 
«LT«)i$jft/t:fc5«9, S i/S i i-x 

Gex Hi i iasff^£n-c^£ 0 tut, s ii^i 

VDSS^«l^e>*6!B2 0*6»Jll 1 2jW»fiRS*lTV^ 
3 0 Si/Sii. GexlllKD^, II 

^bip«i i 8rt^fit«i-s««o±(cn (p) 

+ jKy t/y i 2 9j&s»di§:h/c*5 0, ^^n* 4< 
y * y \) =i^m l 2 9tcJ:«9^y ^^^5: ^^s l 2 

2^4$/&£tlTV>S 0 */c, Sii-x Gex /Si Hi 

ziyymi2^i:iii2^MiJ 
H (b) 4 if (0^l**4ri*»IC"e*tf»*»i 

5 0 nm(^P + #^^!)3y§l 1 5 dSgftJj* e?tl"CV> 

50 <5 0 
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y^on»<to trt^^wai"****^*^-^ i i 

9 t *K Si/Sii, G e „ J! 1 1 1 0> 9 *>rt«<0 

16t4oTl^. P* *y a>» 1 1 5 t> 

^SR^— * 1 1 6CD— ^ir^oTt^ 0 ifc. Sii-x 
Gex/Sillll^WSi ®^9^, ftgfl^-* 1 

oTV>5 0 f*)^-^— * l l 9C)^= 3 i/^^H02<i: 

fflJl 1 8(Cj;oT#l££*XT^5o S i i-* G e 

x /S ill 1 1 C7)9^^0S i i-x G e x Jgrtiai, 
D> (B) /^^C7)PM ; F^^^2 X 1 0 18 /cm 3 ft 
ST'K-t'y^^iltV^o Sii-x Gex /Sill 

1 i(D?h<r>S iJft*Jlc(i N ^y^D^yxv^li 

2 2*^t£ffic^ixfcy > (P) ^ONS^ttAS, S« 
wi^^C^) l x l o 20 l x i o 'V c m 3 £ 

fcot K— tr:^SixT^6. ::t\ Si 

i-x Gei/Siilll (C^oV>T. S i i-x Ge x I 
nV^^ y^H22 £<0jfffi£P/NS^«ffla»fcjt2T 

[0 0 0 7] P + 5W<— ^ 

*5*>> CWf 4<7)»»I1 2 0^:^ K^t-;H 2 1 
> ^SP^— * 1 1 6<D-St'fc6P 4 #V i/V 
3 yll 1 5 U z/V = l 22 ttfKl^ 

[0 0 0 8] JgJLkOJ; *BflP«Wl«:, ^2 

Ojte3»Sl 1 2<Z>i^<Ri]y yWlPi-fttfe^c 
^gj^—;*. 1 l 6(7)9 * 1 9 tdgH- SB 

/J>$ HH4 3ftS»*UV\ S4(OftiIl 2 o, t^fK-) 
t-/H2 10lSft WfH3 0nm, 1 0 0 n m 
-<~*PPgPl 1 8£OiWlttf4<7)J6»Il 

[0 0 0 9] ^Sl5-<-^ 1 1 6©-»-C*)S P + > 
y 1 1 5 0±Ete. J¥£#)3 O nmWCVDilt; 

r0^3(7)*fe^@l 1 7lc£oT^ 7^11 22^ 
flS^-* 1 1 6 H«^HtV^ 0 *f>^ 
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3>x; 7 ^|i 2 2. l l 6<n*MW|ffii±, 

fc» !K!l->!l3>x^^il 22, p • * y •> U 3 > 
T i *>yiM KJi 1 2 4*5^fiK*n-C*5 0, :«t i -> 

y -y-^r K/g 1 2 4 ic j: o r => > * ? h ^iaffifit^b^® ^ 
[ooio]*lt, b7>-i;x#±mtmmi&m%\ 

2 5iaotSWLtio^ Jlffi&fftllg 1 2 5(C(i, N 
• ^U^^^|#a5L^107, fl^^-* 1 1 6&l>'# 
\) *, \) a >ai ^ y 1 2 2 ±0>#T i *> 'J 1^ KJI 1 

?L«CW*Sffi«>5i*4x-Cwy7 h l 2 6ftSflgj£3Jx 

^r 7 hl2 eULSIKSftSfeMUSl 2 7^J#£*XT 

[0 0 11] ClW<fc 9 J: «9 , fl-W^— * 1 1 6 

tfSii-x Ge x /Sillllf:(m<P + ^yi/ 
ij^yll 1 5£t>*A/T-«jS£n-tv**tf>-C\ * 

[0 0 12] [H4(C7r:^n5HBTC0^3t^^^, 
H]5Dte, H4^$Jx5HBTOtiift5rlig.i"S^:«>0 

[0013] is Ajc^-rxa-e, £sa s (0 0 

1) mx-foZS il*10 0±tC3if^^r->^yUfiS;Sfe 

icj: 19 NM^>y ^^^ B B B ^fM-r^^\ *>sv^*s i 

-tZZt^Z*) , S iS«l00«^^l/im(DNi 
0 1/ h o ^ K !> x/H 0 1 ***t 5o Uhn^U 
— K9*/H 0 1 <0*Bttifi^««liH B T (O 3 1/ ^ ^ 
Ml 0 2 tteZ><DX\ cicofiWcioJtSNaio^Ftt** 
SliixioVcm 3 sa^cHSE£*b-Cv^ 0 
SiStRlOOlc^n-hl/yf, x^-^M^^^ 
&J&1&l,1z&. W?)«:»iwtt8#i0 5, 

yf»Mio3, r f -<-^M/^^^Jii.0 4^^ 

[0 0 14] S ilgl00^2o(OVtn-h 

uyf l0 3tJ:otl*ti5««^ Nao^pift*^ 

^i/hu^i/-K^/noi[:mN + ^u^^^l 

[0 0 15] Kk\z, H 5 B tC^-rxSl?, -r h^r 
j/s/?y (teos) fc»»*fflv*fc<b**ttrt«tt 

(cvds) ^rfflv>, miS6 8 ox,-?mm<D±.\z.m 

Jfi30n m^S 1 0*6i^« 1 0 8 SrMl, 
so -ry^LT, =i ^^P^ 1 1 0 £7fM-f 5 0 & 
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U x pU^IP^I 1 0f^{c»aiL/"cS i g&l 0 0 

J*Lfctt«T\ Mil^UHV-CVD (Ultra High 
Vacuum Chemical Vapor Deposition ) 

6c *«o» % uHv-cvDSi»^t, *mnm 

y (Si 2 Hg ) AXfV^> (G e Ha ) (CK-fy 
4fm<r>istf7> (Bz Hg ) ^r^/^^UHV-CV 10 
D»I3ALT, S«li:f*fi6 0nm(OS i 
i-x GeKlWtS. Sii-x GexJf 

0^3l/^|P9ll 1 0F*J<7>»#. o£9 S i Stg 

Sii- X Gex ■0)HSlW*»ll0 8i?)±a)»» 
li#iB6^J:9«*$tL"C^6o £<bK* S i i-x Ge 

J: 9, S i i- x Ge x «<o±UJ?£ft l 0 nm 
<7D S i 1^91 S i i-x Gex IMSiMi 
iT'fc6S ii-x Gex /Sillll^Mt^o : 20 
(DkZ, SilOHI^Sil-xGexCOiC 

Sil-xGe xm<0±lzMj&£tlZ«l&K£>&$*lZj: 
9ti&/&£*lT^5 0 fc*5* S i i-x Gex Urtdtt^f 
^i/^/HaW*^*^ (B) j&s*A£*tT^5<7) 
■C, S i i-x Gex m\*Pmzte<oX&*), tfn>CQjft 
gra2Xl0 l8 /cm 3 -C'l)So S ilCliM^ 

[0 0 16] iSCiOTtltt, S^^^ici± 

K2(Ott»«l 1 2£, -<-*g^ffl 

ppgisi 1 4o^*<^ta5»-e*>s^MRjy 

tT£W-'**~— ^1~5o :<7)^> Sii-x Gex/ 

Ml 0 3©««fc:*3ttS* h u*fc:jBH-r5#fr!J-* 

p- h i/yf»Il 1 0 3 *r£*-f tcStt**-h<B*l- 40 

[0 0 17] |D5DlC7jVfXfrC% CVDifcKJ: 

9, 1 x 1 0 20 /cm 3 B±OJM*©PS*«*2W* 
ASftfcJRffl 5 0 nmc^P* 7Kys/y=i>JBll5S: 

itfcu i^tp + ^yv^yiii 5co±tc, 

tfS#) 1 0 0 n m<om 3 OfftfkJI 1 1 7 £*£8H-£o ft 

or, »3o»bii 1 7&^p + *»i/y=^iii 
5^Riitr, ^2(ommmi 1 2<z>A«fcj8i-S'<- 



#l£JB3cO|fe»Jl 1 1 7&0<P' *'J ->!)3>ill5 

[0 0 18] 11 5 EC/Ttl^t, S«0>£ffi± 

|:R)|3 0 nm(7>fB4W|ft»Jl 1 20tt^ K**— A' 

3 cofc&ftJl 117MP* >fy->y^lH5 (7MRII35 
_t(c-tr--T K£* — >H 2 1 %Bf$.'fZ>o &i-> 7 5/ft« 

Hi l 2(7)9 *b-<— ^BflnSfl l l 8(7)HEffi(c»tHtr^ 
6£fl#£i&£U Sii-x Gex /S ill 1 

ill l 2<0^^fe^fe*^*' < -^fBJSEBlW2*S'< 

[0 0 19] 0 5F(^tl8f, H^^2 5 0 

nmcoN* tfyv-y ay|H:««lfc*, N* tf!J5/y 
3^Bt £ K7^^7f>^ior^^-^ym: 

[0 0 2 0] &tC N (21 5 Gi:*tl8^, 1 2 0 n 

V^«:fTV\ ^^>y3yxv 7 ^|122WP + # 

Mt5 0 ^CD^ #co K7^^^f>^<tot, 
i/^yxv^H22, fl-Sfl^— * 1 1 6&tW + 
= u-**3l#ttiLlli0 7 cD^®£^fcti 
[0021] fttc. b 5 HtcTjr-rxire, ««±tcj»:$ 

»4 0 nm^T i ^Ici 9««tfc«, 6 7 

5^, 3 0 s e c^RTA^oT, Tii^li^y 

yy^yxv^H22, p + TKy s/y =^B 1 1 

5 (fl.^— *Jil 1 6C0-$P) &U<N + =H^*3I£ 
ttlliio 7ct)±(ct i ^yiM KJB 1 2 4^Mt 

a^l2 5lC N *y^!J3yx^s/^1122, P + ^ 
U is}) ^^M 1 1 5^TJ^N + ^U^^§1^WL^1 0 7 
(D±co#T i > y K® 1 2 4 tca-t*2>»JK7LSr^ 
L7c^, SJKTLrt^WSrSl^j&^-CW^^^y h 1 2 

2 6 ^»JRStt5A«Ej» l 2 7 Sr^-TSo 
[0022] J^±^«}:9?i*^S.^XS*fflv^r<i:^ 

i!), NiSi^^v;^> PiSii-x G e 
x d^?^5^<— NlS i ^ ^(cj: 
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T) «$H6 0 
[0 0 2 3] 

*0)HBT«cl«-t-Stttlf^*sv^-CI±, BTWJ: 9<C^* 

[00 2 4] a6*cott«(cJ:SHBT-Cli, "7* h y y 

1 l 2^^<^--^v^-r-5^i:(cj:«9n^-<--^r«1K«i 
W2*r«3£Lfc»K, 8"Ji£7* h \) y^/77^W K 

SBlP*JI2l*L-C^6fctf>lc, -ex * wffifi-f ft£%lf 

^t6M^fc^)o Z.<Dti£>, y* • 
irttffll^-;* • rt«^-**#tti:0>lll|e>®i (W2~ 
wi) /2*«**<ft9, &#fc^-*tetrt£*££ft 

tt^li, «t'iim:^^^HBTl:io 
[0 0 2 5] *Sg^<Dg#jti, 3i5 • -<-^S^i: 20 

[0 0 2 6] 

7 h7^^= i: LtSffitSSl 

-7 h7^^^»^i UT*tB"i"S^<— ^» 40 
±E*&itffclM Kfr^-A^ofcjtfoTRrtfc 

[0027] :^ia^ > • ^-^m-smt^ 

[0 0 2 8] ±E*»#:J6W-*5t^t, ±E^-**# 
®7)^ ^t^^v^wSfil-J: QtetitZtilzi/}) 50 



10 

£*)Mf&zt\. ±?6^-xm&m(oftM0>m®^ (1 1 

l) 77tyh«4nt^'C l ±K»6»(*)i^±IE 

£ < ft 0 , h7>y^^ <rc ft JS ^ J: 0 ft ±+ 5„ 
[0 0 2 9 ] ±E*W(*iSlllw*5V^r, lES«rti:*J 
it5±E» 1 ^^W«cSwiSHWHc3^fi)c$n, .hE'^ * 

[0 0 3 0 ] ±E*W*SSHIC*5^T, ±EStR*S i 
S«i:U ±E* 1 O^l^rS i Jf <>: U ±ElfS 2 
<7)^#ffcff £ S i i-x-y Gex C y Jl (l>x, y ^ 
0) t ±EI3 0^I^S i JlirihS^lcJ; 

ztmbtis &ffimm¥F&*¥<o9tifc'Utf— : 7h7 
[0031] *«^o*w*sfin^«ia**tt, # 

t5l««r*it5I8 (a) ±EJS 1 <o¥^#Jl 
o±(c, /V^-7 h7y^^^-^t/j:iS2w 
¥**i«r^t5IS (b) t, ±KM2<0^m»m 
co±tc, /^^-7h7^^^^^7^i^^S3 

o>*m»m &mi$rrz>T& u) t, ±e#3*>¥** 

ffl«Mt»*t«Il (d) ±E«^«a*ffll6 

(e) ±E«3 0^»«c«(7>±lw, ^^7b7 
^ o^«fB^<— ^ «fP i: ft 5 jg 1 (OSSfrH ^rJFM 
f^Il (f) ±E*i«>**JBo±^ ±E»-& 

■ ^fiRi-5XS (g) ±E«ffilW*6»*^— 
±E»*««3tffll6*)ifc «rl»*i"*- £K<t9> -tE 

(h) t, ±EWP»rtl-***m«rSI»iiA/^ 

$:Mt5Ig (i) ^^r«x.rv>5o 
[0 0 3 2] 18 (g) ic*5V>-Cih-Y 

K«?*-^l**S^fc»t-, XS (i) ld*5V>T3i5 

mW-M(0^\^(D^fm^^oX^^ • -<-^s^ 
7/7^>'^>'bt^^ti5^ ±3*oS»*«r*-r 
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[0 0 3 3] ±IB*W(«fi|lcOK«*tel-*5^T. ±E 
IS (f) VI** (1 1 

1 ) 77-fe-; htrWBKJffL^IMM* K-^^HfO U 

4 ■tf-'i' K^^-^tcoBKcBllin^t 1 *, **>l* 

[0 0 3 4 ] Jiie^WftSgB^KiS^jfe^^-C, JilS 
XS (d) V\ts -hia^<«aa^fflte»li^±{c:, ^ 

£IM«:fl$ricU ±ISxa (e) -Ctt, ±IB«^B«^ 

ftlM K^*-yHr»*U. ±fexa (h) VI*. _biG 

4 n 2 co^n 4 a* £ 9 v v *&t?z t \c 

[0 0 3 5] ±IB*3KHfi«W«ilc*jfe(C*5l^T, JiE 
[0 0 3 6 ] ±IE*W«6BO«a*»^*5V^-C, Stt 

5xa4, />4<4t±faxs (d) o«T±iaxa 

(f) <om^. ±&mi<D*mikmft^*>&Am^ 

«9 ^~*ffi£tO/h£i^M h7^^ ***** 

[0 0 3 7] ±E*W*J6«<0«a*»fc*V^T, ±IB 
XS (a) rtt, ±ISSS4LT, Sii^&MKl 
S iSfi^*f U ±IEXS (b) 
V\*s S i l-x-y GexCy (l>x, y£0)*»&& 
S±IE»2 0^«»J1S:^L. _hlBXa (c) "CW\ 

^TP^^7h7^^ ur $st£-f 6 M*»{«g 

[0 0 3 8] ±K^fcS»^M»#t6fc**^T, ±15 

xa (d) v\*. i/y 3^iwis»*»bJiiE»#««3tffl 
f&MfrJBAU ±isxa (e) t?tt, y =» vSfbK 

(g) -era, i/y=i^mtdid'&±K««niiiKiMi«r« 
*u ±iexa (h) -c»±, s^ttK7^^^f^ 



[0 0 3 9] 

[giflOTjgjfeajgflH (SB l (^HiS) El l I*, 
* (HBT) (0«ii£iM-«B5Bir*>*. 

[0040] iHiiaic^-ri iic (ooi) ®r 

*>S S i SIS 1 Officii, :*fcT** v"r'Mftftjfe$>£t' 

ii-f^^aAHsJct or jBdt*n>t y >4 4wns^fm 

#3&^frr££ 1 /i mCOU ho^l/- K^^yU 1 1 a«Jgfifc 
10 ^iTl^o S i I%1 OW*aitti£0>«#l-l*'<'f F # 
— 7 h5^^W3l/^il 2*sjKl*$*ir*J»9 > 

ovcm 3 a«icm«E*ttr^6. 

$ i is (;> k— y •> y 3 » 2 

cq#&*i#i6 (SHb->y = v) sra^a^ri^^-f — 

^ h u>^#8IJI 14 4, £ 2 WttftflE 1 6 SrffiAiiA, 
hu-v^^BtS 1 3 4lcj;9tfSf&£nT 
t>5 0 ^D-huyf^llnwi^^O. 3 5 

20 mnr*>3o s iSiiowf^-yhuyf-^ 
KB l 4 0T*l-fl:lt6««l:ii, ^ir*^* h y< 

ixrv**. 

[0 0 4 1 ] s ilgi orti:(i3i/^H 2 

btvrv^o ^ct)N + 3 *9l#fcBL0 1 7 4 3 

124*1. s i sci oPvDitmtti&<D&mzm* 
rfii^-r n- h uvf^M 1 3 K J: 9 EVM^MKS 

30 kc^/h i^i^s^McsiW^ttrv^s. 

[0042] 3l/^H 2C0±tdti, V$3d s ft3 0 n 
mOjBKOjftHJil 8 3ftS»JBftS*tr*5 9, £ 1 OfgftJI 

I8i:ii, u^^Ji l 2<7)_b^^^Sc"r5fci6(75=i u 

1 2 <0±t%$ KDtG&mi 8CO±4(C^fcor , PMtC 
K— ^Sttfeff 0 nm<DS i i-x Ge x N 

K— ^SttfeBE* 1 0 nmOS i Ji fcd«««Lr8l 
S^ixT^t), r<£>Pi#K:<fc «9 S i i-x Ge x /Sii 

2 ias«fifc£*bri^5o Sii-x Gex /Sii21(D 
40 Sil«10 CO*®^)^ Lfe«fP»ti^3»ft« 

Jt*r#urv^^, 8 (omm^h^L 

fc»»tt#«*«5t4r#brv^. 

[0 0 4 3] ^U, Sii-x Ge x /Sil21<Dt 

(p) ) a* k~ ^^tife^y s/y =»v^b4^^y ^-y 
3^315 !/^Ji3 0dSR»t6ttrv^a tut, #y^> 

yIftR^b45*l W K**— /U2 4 3ftSRWbtt 
so J:5fc, KM^Pa^lMt (fc4^f^^nv (b) ) 



(8) 
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^K-^^n/t^gP' s i 12 5jWBm<bftTi* 

Z> 0 m 1 K*a~ /U2 4(D_L*m<t* x ) ->'J 

at* ^13 0 fc^fflKIl, SEfkv^ !J 3^f>/j!5S3 
co|fe»JB4 2#4H3EU ^ 1 <^1M K»*-^2 4tS 
fifcftP' S ii25bf y->!/3>3:^y^i30(/)ffl 

[0 0 4 4] ZZV % »&^P* Sii25lt Si 
Ge« /S i!2 l«H#8**a«:tt5«» 

SiM Gex /Sil2H)9 *b#a8fi*ia£*r*' £ 

£*f1-<5ffl5#l-:te'' N T, Sii-x Ge« /Sii2lS 

ffiijffili, (ill) 7rtyh33t (311) ^rir 
7h3 4^tlTl^ 0 t^^^j, S i^| B ^t c 

S3 (1 1 1) ST'&^&lc (3 11) S(c^bi"6r t 

SSSP + S i 12 SOfflffiClfi, W«»5 5° 20 
CD (111) 7rtyh33t (311) 77tyh3 

[0 0 4 5] tit, ^-*P^n£ft2 8 oT^Kffilli- 

£S i ^ :y*Jf 2 3{Cfi7KU i/!)3>x?y^i30 

*5 9, r<7)S ixv7^|2 3^NPN^7P/^^ 
7h7V^^Oxv^i;Ulit5 0 Si 
i-x G e x / S i M 2 1 4"COS i i-x Ge x fOH, 
*lcoU--< YV*—A>2 4(OiET*Wa«-rS8iJ»J: 9 

fc, S i i-x Gex /Sii2 10 9^(0^1(0^^ K 
Sil25^\ NPN^TD/M^7h7^^ 

[00 4 6] 5 N P N^f P ^<>f 7 

h7^^ (HBT) (OSl^Dtll K 
^^~/U2 4*C<fc<9. ^|P»1 ^SB^— * 

5£> rtft'*— X 2 9 £^£p<~;* 1 9 ^ s tyV777 

. rtjfp^-^a^W^^M^EI* (W2-W1) /2& 

fa<D^rm K— ScLTv^o CKDfgi^lM K^*-^ 
2 4 (DW-W* 1 0 - 2 0 n mit^^t6 r. £ 

• rtw^-^asjiLatoiBorai (w2-wn /2d 

0. 1 /i m(0^ — v?v5rfl J iitP^S* s fcofctS3K0^7 L 
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**M5»«U*5^TI±, «£'J-*l»JtJi2 2*<l» 
it<bnT^6<7)-C, 3l/^^iPSl$20^y-VP-hU 

h u*icfiB-*-atS'& y-^oBl^Siti: t lift 

[0 0 4 7 ] ^Hffi^SgWHBT(?)®2Wl#m 

tt w-i-^ i go^.L^^^^^SfjjtlP' s 

i J§2 5 <nftW<»iwm&f& 1 W-^-f K£*— ^2 4(Cf r > 
oTjffiO ! 5coT*ll^< . IB 1 wt-f K^*— /U2 4/j^j> 
BftlT (ill) 7rt^/h33 (311) 7 r ir 
y h 3 4 L/j^b&tfT^6^T*&6o Plf&g P 

* S ii2 5^iw<t^jJM$rSL,Ti^OT, 
^ K^t^2 4«l:MtP + S il2 5 WPbIC 

^dc$n6Bcmf-fB4(ote*«2 6Sr^&$-fr6r ■ 

^£R^<— x l 9 ircoFflri^ 3£ 1 <7>U*>< /U2 4 t 

g4Wii!2 6^1^ 2o(Oi(5fe^{$:(Cj:oT(^-r ibft 

[0 0 4 8] *»1^H B T COSiiiXglClO 

^T, H12 A-S 2 K^#B bRWt 5c HI 2 A 

-B2KI4, *jt!t»»C*3ltSHBTO»itxa«r^ 

[oo4 9] *i\ in 2 At^-rxa-c, ±ao*s too 

1) St'^SS iSffil OilCxt^^r^^Sifei: 

SiS«l0(^^i/im^Ni(Oi/F 

;H lC0*ffi#iao«*fittHBT<03U^^Ji 1 2 £ ft 
£(7>T\ r^>««tC*5JtSNS!^tt*«ffiJ±l X 1 0 

17 /cm 3 mmizmmzinx^Zo &ic, sisiio 
ztib*mi<Dmm&i 5, m2<D&mfti 6iaot 

S^i^tfr irtcij: t>, V-tP - h uvf-^gt/i 13, 7 
[0 0 5 0] fttc, SiI8lO^)2o^o-H / 

I 7 4r»*i"S. 

[0 0 5 1] HI 2 B lC^-fXS"C% X h 7^ h 

(teos) tH*«:fflv^fc<b*«««*ft 

(cvds) (cit), «ista«6 8 ox;x-mi&<D±.\zm 

^30n m(0^ 1 (Ojfe«C« 1 8 & 1 COfe^ 

II 8&T7 y hx-vf^yfrXQ 

[0 0 5 2] m^, 3i/^^B)p»2 0rti:BfflLtS 



(9) 
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(Ultra High Vacuum Chemical Vapor Deposition ) 3£ 

H(-^^f-t6o toym, uhv-cvd^I^i:^^ 

{£f$f&fbl!JS£I&i£-f 6o SM&&5 5 Ot(:«AL 

OO, v/>7> (S i2 He ) SU^/^^V (G e 
H4 ) l;Pt e y»y^7> (B 2 Hg ) Z^trrt 
^^UHV-CVD»l:|.ALt, &*£±(cnp:£fc} 
6 0nm(?)S ii-x Ge x J§£rfl$f&i~6o ^^)<t#, S 
i i-K Gex l^H3U^^^PgU20^M, O 
iS^i oco^S^^^i-^^^li*^^^ 
fc#LTl^536^ S i i-x Ge x iWHIlWftil 

5 e S i i-x Gex m*Bl&Lti'&. il^LTtf** 
^>7>-{C^0i9#X.-6r blZXQ. S i i-x Gex I<7)± 
tCJl^^) 1 0 n mCOS i H^rfll® L, S i i-x Ge x I 
&0<S iiW«iiT'fe5S i i-x Ge x /Sil21 
teWsfcTZa Z<DkZ. Sii^H, Sii-x Gex 

*S***jeSr*TU S i i-x Gex Sco^^ B e BlHig^W-r 

6o 4*5. S i i-x Gex l^lCttx f^4rv^ir^J*ft 
^Fld/Jfnv (B) dS*A$4xTl^^T\ Sii-x Ge 
x IliP^^oT^^ 7j?D^<7J»ffili»2 X 1 0 18 
/cm 3 -CfcSo S iJf|Ctt^tft**S*A*iX-CV^* 
\*\ ^JlMI^^TIj:, y Ttf)-^-;** 

tfiia$riS^5iWr\ Sii-x Gex i^xh'^y 
+ (Si2 He ) 

■7V (GeH 4 ) tW»*it**rit«tt^*<b**"C, 
Sii-x Gex 8<DT*8gflTM*G e * 
K> , ±*8l5TfiG e ^*T*J&S 0 left 5 «fc 5 *«»3flfig-< 

x h y'<b*£Z>WkW-l 0 0 nmOv-y ^BMbJB^ffiJl 

h y y^77^ Ky^y^^frftoT, v- 

«^jfe&s^-*Bflq«wi id 4 5 J: 5 lcg&2<a|6igcJl 4 
1 SU«* 3 0>tMM 4 2 

[0 0 5 4] 0 2Dl^tl8T, StR±^** 

8l0 0nnKO^^y|»««lf:S> ^D 3 ^ 

Jf 4 1 3 <D*fe«:« 4 2 0«IBB±fc* 1 <£>1M K £ 

[0 0 5 5] ^^T% K^t-/V2 4©*B 

(W2-W1) /2 (T»«fB^*5»tS**I«^^ft) tt 
l o n m8Sffl*C#»i:/J^ < t5 i i: t^«t-fc5, 
[0 0 5 6] Sfefc, hU^ 
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&Jf 4 2<7)Jfciai£flH*fc^*?£flH\ ^f)iit^7 
7^>^p> (B) <cif»P9la>^ti8*a)^5!->tt 
A&ffl \ *BS^i&W»Ja^ 3 x l 0 17 / c m 3 &JS<7> 
P* §B0)K^y— ^Rihli"2 2«r»f3c-f5. fcfc'U » 
l co»M K**™/^ 4 & AM 1* affile t££y-*K 
lhB 2 2 ^Mt6/:^o^ ^>ttA«rfr<co tt«t 

[0 0 5 7 ] S i i-x Gex /Sil21 ^rfiJcS 

*|i]«U:, «»»<bJBl«:^fi)tL/i:»UHV- 
10 CVDMCilAU **#H**-C l <ojftftLa(-J:0» 
8HMblK«:l»*Lfc», ^>7> (Siz He ) t K— 
t°>^tf}<D>^7> (Bz Hs ) £^fr#x&>HAU 
S i i-x Gex / S i 12 lt^S i ff«:JSIE;tti: LT 

$nfc5 0 0 n mCDlJgJf: CD P* S il25$rM 
f6, fffifeSP* S i 12 5f*, S i i-x Ge x /Si 

Ji 2 i <r>o ^ *Ji i 2<r>W.±.\UlLW.1rZ>nft<r>±. 

20 5o 4*5, *ftftSfdcSP* S i M 2 S^tt^aff* 
1 X 1 0 20 / cm 3 JL^CDiH^gtC-f MlP 
* S i 12 5rtlC*b^«»^tttk**^9^«*W 
>T a-v&Afc if Srff * 5 r t *s-C* 6 0 

[0 0 5 8] rCDirt, ffj&^p* s i 12 5CDF*HJU|CD 
feijffildfi, (111) 77tyh33t, (3 11) 7 
7t7h3 4 £flS3Ux3o »&gP + Sil2 

5t3:ffUcDlM K Pa—A' 2 4CD^lj®(C^or^e-r§ 

©■Cli4<, SfiScSP* Sil25(t ±*lc:r6)^5J5 
if8iW K£*— /^2 4 fc(tix-cv^< i9i:«»L 

30 T/Scg-r6o MIP + S il2 5^IM«t^ 
JE©*t4 (ill) 77ts/h3 3^Six5Sft*tt 

[0 0 5 9] £<bl-, El 2 FtC^-TX^r% S^O^:® 
|2 6«U #4 2 6C0±(Cl^^^ h-^^ 

40 »14 1^I3 coffin 4 2 ^«*|tlO-ffiW 1 tClDi 

[0 0 6 0] 0 2GJC^i-XS"C, ls*JXh*^X 

? P r m$rffiV> x %2<Dm&M4 1 h^/^t 
LT, $4 0ftj|l2 6XrJ 5 *3^*6ISJl4 2 CD K^^ 
^y^v^Srff^oT, *3co*6»»4 2^-<— ^BBp 
a2 8^Mt6 0 rco^t, »4(^*6i»®2 6 21V* 
3C0te^l4 2 HAASS' » 3 >ia «9«fiSc^n, ^2CO 

K9^3Lyf-^^©l»^tt, S3co|fei:l4 2 <tH2co 



(10) 
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[0 0 6 1 ] i2HIOTtI{iT?, I'v** NX 

^[ZX^O Otitic V 3>?JvP ) /^S2tO|{iii4 2 
r^) 0 ^C0<t#, Sii-K Ge x /Sil2 l<o±gffl«r 
Mt6S i «ft;->y ^^fj/^Slwt'f K 
<7*-yU2 4 £l±7 -y^lc** LT'J^^^^f^^u— 

>)x7 h^y^>y'l-J:5£, S i i-x Ge« /S il 

[0 0 6 2] {H 2 I lOTtlit*, fii^SlCN^ 

IC h'—f>y*£tlti7$y *sV 3>^-^r^PSli2 8 \Z 

tfv i/v =*^^$ ofrbmm&<7>^i&yo& 

S ixv^|2 3K&«£-fr£ 0 NlS 

1 ^ PSS i GeW^ftS^- 
N^S il^^jJ^^l/^^tt^^TP^ 

^#-7h7>^^ (HBT) AS»J*SnS. 

[0063] i2 ji^-rxm-c, %A<n>t&mm 

2 6, H^c^:P + S il25, Sii-x Ge x /Sil 
2 l&t*SBltf>*6»Jll 8*r'<*-~:^Lfc«L £4K 
JLlCj?£ 1 2 0 nmOiM K^t-^fflCVDM» 

mmi-z>o *lt, rixi^y^y^ lt, #y^y 

3yxv7^l3 0i:MlP + SiB25&t/Si 
i-x Gex /S il2 10«]fl5±fcSS2 0iNf K**— 
^3 0?:Mt6« :o^oK7^fx 7 fy^ao 
T, ^py!)3yxv 7 ^|30, W&gP + Sii2 
5, Sii-x Ge x /Sil2 1 N + = 
titS LB 1 7C9*ffi£^aj£-t±£o 

[0064] 7k\c s m2 K\c7jk-ti:ux\ m&±izm z 

m4 0 nmOT i J; 9 6 7 

5^, 30secORTA^ot, Tiiry^V 

!)i/J)3yx*5/^il2 2, lfj#:^P + Si)l25 

If 1 7(D±tCT i i/V KS3 2&Bf&1-Z>o Scfc, 
&K±(£jimil6IKN3 5£i#«L, l||HJfcflMJE3 5 tc. 
^y^yayx^y^lSO, S$ff:P + Sil25S 
t^N + xi V-^ ^ ?l LB 1 7 <D±.<D&T i Sy I) K 

^A/-ew^7^^ h 3 6 t-rso £ btc N jfPfl#e*t 

LT, Wfy>^r y h 3 6 K&«$*xS&JRKi» 3 7 £ 
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[0 0 6 5] *»ifim<IBC>HBT<7>«ifi*ft(Cj:5^, 

[0 0 6 6] (IB 2 coMSJKtt) iilB* l nntef&mz. 
*5l*T<i, ^^-7 1 9t0^k£/«£6^£iSf&^:P 
• S il2 5CJ:9MLfc^, *««WHBTO«i» 

•> U 3y|:i;i!)«/*L^HBTl:oPTttWt6o 

10 [0 0 6 7] *»il:fc^-C(), IB 1 cojltS^ffijc 
*3lt 51U 2 A -(23 2 DlC7jWXfi£ IsJ LX&<Ht 4 9 a 
[0 0 6 8] -^CDflL HI 2 AlC^i-XSC0ft^*9(C, [§] 

*i K-T^ftfcP* > y xi>B4 3£i£8(-f6o 
[0 0 6 9] &(C, H) 3 B (C^i-XST\ »£cd£® £ 
CMP (^r^*/U^*xi*yU7Ky 

20 M2 6^«IL^ ^4^jf6^B2 6^±IIU^ 

co 5 hm 3 co^b 4 2 ott±icten-r « 

2 COffeHUI 4 1^$3 OfeflM 4 2 <D«*|rIW-+»W 1 

[0070] &tc, m 3 cic^tig-e, 

IT, ^4(D^mm 2 6 RXim 3 (Dj&mm 4 2CO K7^ 
^•y^V^^r^T^oT, $3^114 2 (C-<— 
»2 8*Jgric-r5 Q rco^^, IB4CO»»Ji2 6&t^K 
30 3^tt»JI2 6ttS(Hbvy avjcj:«3*ja*tt, ^2 CO 

M14 ittK^>y 3^icj:!9*rtsn-cv^*^-c, 

60 ^^>^. l/^h-7^^Prm^Lf:i, 7y 
Kl-^^y 7 ^^ Fx 7 fy^ci^i^>!J a^feft 
5S2^«8l4 2^|»*t5, rcO^#, Sii-x G 
e x /Sil2 lCD±^£«/£-fSS ili, 

Lt/h^^x 7 fy^y^ bSr*-TS/t«), Waiift^y 
40 f^h^^ftSo rcoi#, fgi coi^^ YV*—fr2 
4lix^^hy/^/^^fc »4(0»8|||2 6 

4: t h \z =. * 5/ * • ^a^- ^ m * mmir 5 « m zmtz 

[0 0 7 1 ] *w«tt, *l<o*lfc*»j:*W5BI2 I 
3D^7j^-r^3t^#^n^ 0 

[0 0 7 2] *jtlS^ffi^HBT&^W«3fi*jfe*C 4 t 
Si:, ^$15-<-xi9 (P + ^^yy^yf43) b# 

\)*y\) n>zn^ 3 0 COP^H^^ 1 C03Ufefl2flg<D 

so «ag<t «9(i*< ±1E*10H«^1Bi:t5lS 



(11) 
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[0 0 7 3 ] tt*S, ±rd* 1 . * 2 wSlfiJ&IBlciol * 

[0 0 7 4 ] ifc, Kl-*4W|ftlMI<0»Ktt, XH£ 

2^tH4 1 ^)»Uli, ^l^H K!>*-^2 4& 
U ! S4co*6»)l 2 6 tcoaiyf-y^ilRit^HW-C** io 

[0 0 7 5 ] ±E#**i^*(w*3^rtt, J*j£fl-< 

-xfeSiGeii:J:»)«*U^ 
IS»»C|»S*tL5t><0-Ctttt<, TO^-^^S iG 

edXIiS i Ciia»)i«LttJ:l>. o£ 9 , 
*f|X^<— ^(OJjafiStt, -HttWKS ii-x-y Gex C y m 

(l>x, y^O) X&£1nZ>h<OX&>tl&£*<\ * 

7 h7^^ t LX<Dmmtmbin^<DX\ 20 
[0 0 7 6] 

&X£Z> 0 

[01] »lo**»»«2:*5W5HBTO«3tS:^i-» 30 
[i2A] *10»**»-fe*t6HBT<D«ilXao 

[13 2 B] *l<Ojlll|*»c:^tSHBT<OjB5SXa<0 
HSi StRcO±t^S i i-x Gex /Si JlfcJgffii-S 

[02 C] fgl O*JS^ffi^*3Jt5HBTWMiSXS<0 

5 ibfg 2 olfeMfttMft 3 ©I6JMI xa«r* *o 

[B2D] |RlO*lft««fci3Jt5HBT<DK3SXa<D 
S2(0|feil, »3^lie»«C0«lJffi±^IBl^ 
4 K**— ^«r»«i-6Xa4if«r^"t"WrBBI"C*>5. 
[112 E] »10jHS»»-*3ttSHBT«)J(3tXaa5 

?*>»&§P + S iH^jfrrsx»**+WEB-0*> 

[02 Fl ^1 (OHM(8l:*5»t S H B T^RSli^ 

5%Ml4©l»Jitt^*r»*i-«xat»i-KHH"Cfc 
5o 50 



&m 2001-35858 

20 

1(2) 2 G] wH*^<BlC*J^SHBT(/>»iSXS(7) 

9^fR3cote»«lc^-^^P^^^/Si-6xa^^-t 

[11 2 H] wjHt»IB(cja(t6HBTW«itxaw 
0^IB2a>|ft|»»*l»*LT'<--^MP«fefl5*"4-6X 

g£?n1-»rffi0-C*>5o 
KU 2 I ] jm<0*3*^«(C*5^*HBT<OBIitXaw 

[i2 J] |Rl(OiaiS^»«-*5«t«»HBT<OHiSXaw 
9 i**»^-;*£fc6»W&'<*- = >^1"6Xa£^ 

[ID 2 K] SU ^*J5S^flgi-^i-t 6 H B T<7)«itXa<0 
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